Objective Patients who received pituitary-derived growth hormone (GH) are at excess risk of mortality from CreutzfeldtJakob disease. We investigated whether they were at increased risk of death from other conditions, particularly preventable conditions.
METHODS
The NHPP, a nationwide, centralized program for collection of human pituitary glands and extraction of GH, was the source of most GH used in the United States from 1963 until 1985. We undertook a systematic study in 1985 to identify persons treated with NHPP pGH and to investigate deaths in this cohort. 1, 2 Treatment centers provided information on 6272 children confirmed to have received pGH. Medical information was obtained by standardized telephone interview or questionnaire for 84% of confirmed recipients in 1988. Deaths were identified through interview data, by contact with treating physicians and parents (to verify vital status and to ascertain the circumstances surrounding See editorial, p 415, and related article, p 437. deaths), and through a computerized linkage of the personal identifiers of NHPP pGH recipients with the National Center for Health Statistics National Death Index (NDI) to identify all deaths from January 1, 1979, through December 31, 1996. The NDI releases mortality data for a calendar year only after death information is processed for all the states, leading to a lag time between the end of the calendar year and release of data, but yielding virtually complete reporting of deaths when data are released.
Person-years of observation were calculated for each eligible recipient from the date of first pGH treatment to the date of last follow-up. Date at last follow-up was defined as (1) date of death if not later than December 31, 1996, (2) December 31, 1996 if the subject was known to be alive on January 1, 1979 (when NDI recording began) and no death was reported in the NDI, or (3) the last date seen by the treating physician if the recipient was not known to be alive on January 1, 1979 . To avoid possible bias in death ascertainment, we truncated follow-up of all subjects on December 31, 1996.
Because CJD was a serious and unique factor associated with pGH, we continued to collect data from the ongoing search for CJD cases to the present. Cases occurring after December 31, 1996, are reported but are not included in the calculations of rates. Institutional review board approval was obtained for this study, as was informed consent from adult subjects or parents of minors.
Diagnostic Classification
The reason that each subject received pGH was ascertained from the treatment centers and in standardized interviews conducted with the GH recipients, their parents, or other family members in 1988. 1, 2 We used this information to classify causes of GH deficiency as idiopathic, organic, or other. The organic group was subdivided into tumor or nontumor if another condition such as septo-optic dysplasia, histiocytosis, or trauma was present. Other categories were (1) GH-deficient, cause unknown; (2) other GH abnormality, such as bioinactive GH or neurosecretory defect; 3) no GH deficiency-for example, Turner syndrome; and (4) not classifiable.
Based on treatment center reports and interviews, subjects were classified as having (1) isolated growth hormone deficiency; (2) multiple pituitary hormone deficiency; (3) unspecified deficiency-that is, insufficient information to exclude multiple pituitary hormone deficiency; or (4) not applicable, for GH recipients without growth hormone deficiency. Treatment centers identified subjects with hypoglycemia. Adrenal insufficiency was identified via interview data on glucocorticoid replacement therapy.
Analytical Methods
Observed mortality was compared with the overall mortality and the cancer mortality (http://seer.cancer.gov/ 1973_1999/) that would have been expected in a US general population cohort of similar composition. 3 Specifically, mortality rates were standardized by sex, race (black or nonblack), age, and calendar year of observation. Person-years of observation were calculated for each subject from the date of first pGH therapy to the date of last follow-up as defined. Each person-year was categorized by sex, race, age, and calendar year. For subjects whose race was unknown, nonblack race was imputed, because more than 90% of subjects with known race were nonblack. Repeating the analysis without those with imputed race did not substantially alter the findings. The standardized mortality ratio (SMR) relative risk (RR) was calculated by dividing the observed mortality by the expected mortality. For observed counts of #20, 95% CIs for the SMR were computed by using exact methods for the Poisson distribution. For observed counts >20, an asymptotic method based on the log transformation was used.
Relative risks of mortality were calculated for subgroups based on cause of GH deficiency (eg, idiopathic, organic/ tumor), type of hormonal deficiency (isolated or multiple), diagnosis of hypoglycemia (yes or no), diagnosis of adrenal insufficiency (yes or no), and age group (for populations at particular risk such as infants with hypoglycemia). A proportional hazards model was used to confirm the contribution of these risk factors. Time 0 for each recipient was the date of first pGH treatment. In addition to these risk factors, the demographic factors of interest were also included in the model. Because of collinearity, we also examined data on individual cases of particular interest, such as sudden, unexpected deaths, to develop clinical profiles. These profiles were used to identify the most clinically important factors from among those in the SMR and proportional hazards analyses.
Kaplan-Meier survival curves, implemented in SAS 6.11 (SAS Institute, Cary, NC) were plotted to demonstrate the mortality pattern in important subgroups.
Causes of Death
Death certificates were obtained for all but three deaths in the cohort. Medical records were obtained for 76% and reviewed by a study physician (J. F.). Physicians or family members were called to obtain more detailed information when the cause of death was not clear or when CJD was the presumed diagnosis. Physicians with expertise in diagnosing CJD reviewed all medical records that documented neurologic signs or symptoms in the year before death. Two neuropathologists independently reviewed all available neuropathology specimens. Deaths were grouped for analysis by cause based on International Classification of Diseases-9 codes and physician review.
One hundred sixty-five recipients were excluded from statistical analysis because they did not have sex, year of birth, year of first GH treatment, or year of last follow-up available, yielding 6107 subjects eligible for standardized mortality analysis.
RESULTS
The characteristics of the cohort and underlying conditions causing organic GH deficiency are listed in Table I .
There were 433 deaths from all causes from 1963, when treatment began, through December 31, 1996, in the 6107 subjects, who provided 105,797 person-years of follow-up. The expected number of deaths based on general population mortality rates was 114, giving the pGH subjects an overall risk of death almost four times higher than the general population comparison group (RR, 3.8; 95% CI, 3.4-4.2; P < .0001).
Only subjects with idiopathic, isolated GHD had an observed death rate that was not significantly different from the expected (RR, 1.3; 95% CI, 0.9-1.7). All other major subgroups of recipients had significantly elevated death rates compared with the general population (Table II) .
The highest risk groups were those with benign or malignant tumors, adrenal insufficiency, and hypoglycemia. Patients who had hypoglycemia and received pGH before 6 months of age were at extremely high risk (Figure; RR, 18.3; 95% CI, 9.2-32.8; P < .0001).
Proportional hazards analysis also demonstrated that tumors, hypoglycemia, adrenal insufficiency, and multiple hormone deficiencies were significant, independent risk factors (data not shown). Many subjects, however, had multiple risk factors such as tumors causing hypopituitarism with adrenal insufficiency that resulted in collinearity.
To identify preventable causes of death and to determine how they might be avoided in the future, we looked for critical risk factors. We examined death certificates, autopsy reports, medical records, and interview data from treating physicians and families for each subject who had a sudden, unexpected death. This information was used to identify medical problems that put subjects at high risk and to determine what medical findings or symptoms immediately preceding death could be useful to alert clinicians to the danger.
A surprisingly high number of all deaths, 106 (24.5%), were sudden and unexpected. The presence of multiple hormone deficiencies was specifically mentioned in 74% of these deaths, hypoglycemia in 31%, and seizures in 52%. Notably, 59 of the 106 (56%) deaths had a clinical course strongly suggestive of adrenal insufficiency. There were 32 (30%) deaths associated with infections ranging from clearly life-threatening (epiglottitis, sepsis) to generally benign (upper respiratory infection, gastroenteritis); adrenal insufficiency was the likely cause of death in 29 of the 32. All 16 cases in which vomiting was reported during the final illness had features indicating that adrenal insufficiency was the cause of death. There were 35 cases (33%) in which the subject was discovered dead or comatose; 30 were suspicious of adrenal insufficiency. In 12 patients, there were definite indications of an inadequate therapeutic response to impending adrenal crisis: failure to take steroids, failure to increase the dose of steroids, or failure to get parenteral steroids during episodes of vomiting or other illness.
The second important risk factor in our cases of sudden, unexpected death was the presence of another medical condition. In all, 58% of patients who died suddenly had a problem beyond simple GH deficiency that was not considered life-threatening: 25 (24%) had craniopharyngiomas, and 15 (14%) had other intracranial tumors. Seizure disorders were present in 20 sudden deaths in subjects who did not have adrenal insufficiency.
The death rate in children younger than 6 years who had hypoglycemia remained stable between one death per 31 person-years and one death per 54 person-years over the 15-year period (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) when there were a sufficient number of subjects in this age group to determine rates. Contrary to our expectations, the death rate in subjects with adrenal insufficiency did not drop as the children got older; the death rate was stable between 1975 and 1996, between one death per 173 person-years and one death per 113 person-years.
Other than these unexpected deaths, the substantial increase in mortality in those with organic causes of GH deficiency was a result of recurrence or complications of their neoplasms, congenital disorders, or other problems that caused GH deficiency. There were 21 deaths from second neoplasms with onset after GH therapy in patients who had a preexisting malignancy or craniopharyngioma as the cause of GH deficiency. The data are shown in Table III . Given a recent report that pGH recipients in the United Kingdom were at significantly increased risk of death from colorectal cancer, 4 it is noteworthy that two subjects in our cohort died of colorectal cancer. The first was clearly unrelated to GH; the patient had familial polyposis. The second patient had received radiation for a brain tumor. If both patients are excluded as having risks that made GH an unlikely cause or contributor to their cancer deaths, there is obviously no increased risk for colorectal cancer death in our cohort. If the second patient is not excluded, the observed number of events is one, and the expected rate is 0.35 deaths (odds ratio [OR], 5.7; CI, 0.69-20.64, P = NS). Thus, we did not find a significant excess risk of death from colorectal cancer related to GH. An excess of death as a result of Hodgkin's disease has also been reported. 4 Our cohort had one death (expected, 0.40) for an OR of 2.5 (CI, 0.06-13.93; P = NS). There were five deaths from osteogenic sarcoma in our cohort; however, four were second tumors in subjects who had received large doses of radiation and chemotherapy. We examined the risk of cancer deaths in GH recipients who did not have previous tumors. Nine cancer deaths occurred in this group versus 8.33 expected (OR, 1.1; CI, 0.49-2.05). After excluding those with other risk factors-undescended testes-testicular cancer, smoking-lung cancer, and Noonans syndrome-Burkitt's lymphoma-there were six fatal cases (OR, 0.7; CI, 0.26-1.57).
We identified 26 subjects who died of CJD among NHPP GH recipients. There are 12 cases in our cohort who died before 1997 and nine who died subsequently. Our surveillance also identified five patients with CJD for whom NHPP records show GH was awarded but who could not be identified or confirmed as treated by treatment centers at the start of the study and are not in the cohort being followed and analyzed. No cases have occurred in subjects who began treatment after 1977, when the method of GH production was changed to include size exclusion chromatography purification.
DISCUSSION
Creutzfeldt-Jakob disease is the best known but far from the most common cause of death in pGH recipients. The death rate in the US pGH cohort was almost four times the expected rate, and many more deaths occurred from hypoglycemia, adrenal insufficiency, and other potentially preventable causes than from CJD. Indeed, one quarter of all deaths were unexpected and sudden. In newly treated patients, the use of recombinant DNA GH has eliminated the risk of CJD, but not the risk for these other causes of death. Perhaps surprisingly, the risk of death from adrenal insufficiency remained stable throughout the period of observation despite the maturation of the cohort.
The large size of this cohort and the long duration of follow-up made it possible for the first time to quantify the increased risk of death from adrenal crisis, hypoglycemia, and other complications of hypopituitarism, and to analyze the time course of this mortality systematically. We were also able to examine unexpected deaths in detail to identify specific factors to alert clinicians and patients to high-risk situations.
Hypoglycemia was an important marker of high risk for death. Children with hypoglycemia had a ninefold increase in risk, mainly in the first years of life and of treatment. Many of these deaths resulted from a combination of hypoglycemia, seizures, aspiration, and possible adrenal insufficiency in children with panhypopituitarism. The risk decreased as children reached the age at which they could identify and respond to symptoms of hypoglycemia. Thus, physicians should alert parents to the very high risk of death during infancy and monitor and treat aggressively. Tumors were a second important cause of death. Some subjects had been given pGH on the assumption that they had been cured, but they died of recurrence or second malignancies. Even patients whose tumors were not considered dangerous were at risk for sudden and unexpected death. On the other hand, our cohort did not have a significantly increased death rate that could be related to GH from either colorectal cancer or Hodgkin's disease, the two cancers that occurred significantly more often than expected in the United Kingdom cohort of GH recipients. 4 Bearing in mind the small number of colorectal cancer and Hodgkin's disease deaths, we find no evidence that GH therapy increases the risk of death from these conditions, or the risk of death from all cancers in those without predisposing risk factors.
The third, and perhaps most striking, risk factor was adrenal insufficiency. More than half of the sudden, unexpected deaths appeared to be adrenal insufficiency-related. Adrenal insufficiency, unlike hypoglycemia, continued to cause deaths into adulthood. Thus, those caring for adolescents and adults in addition to younger children should note the clinical features we identified that were warning signs of lifethreatening adrenal insufficiency. Physicians and families must be made aware that failure to treat illnesses with adrenal steroid replacement in adequate doses can be fatal. Moreover, increased doses of oral therapy or parenteral therapy may be necessary for even ''trivial'' infections. Deaths occurred in our cohort after URIs, gastroenteritis, and pneumonia. Vomiting was a dangerous symptom, possibly because it interfered with the delivery of oral steroids. Seizures also contributed to a number of sudden deaths. Our data underscore the need to initiate therapy promptly; of the 35 subjects found dead or comatose by families or friends, 30 (86%) probably died from unrecognized or inadequately treated adrenal insufficiency.
Adrenal crisis requires prompt, vigorous treatment. Correction of hypovolemia, hypoglycemia, and hyponatremia is accomplished by infusing 5% dextrose/0.9% sodium chloride, as a bolus dose of 20 mL/kg followed by at least twice maintenance. 5 Prompt treatment with intravenous hydrocortisone 25 to 50 mg/sq. M is critical for correcting the underlying glucocorticoid deficit, and additional glucose may be needed for hypoglycemia. After the patient recovers, expert management is required to insure adequate glucocorticoid replacement without suppressing growth. Arlt and Allolio 6 report that their adult patients had 3.3 adrenal crises severe enough to require hospitalization per 100 patient-years. Thus, patient education and compliance are critical issues. The same authors recommend regular crisis prevention training that emphasizes the need to wear bracelets, increase hydrocortisone for stressful activities including minor illnesses, and get parenteral therapy for gastroenteritis, trauma, or serious illnesses. Our experience demonstrates the need for rapid initiation of parenteral hydrocortisone, a point that must be made repeatedly to patients and parents because of the compliance problem. Because parenteral therapy may be lifesaving, some groups recommend that adult patients be given hydrocortisone for emergency selfinjection, a recommendation that could be applied equally to families of children at risk.
Other studies of GH recipient populations in Canada, 7 the United Kingdom, 8 and France 9 also found deaths caused by hypopituitarism. In those reports, which studied fewer subjects for shorter durations, hypopituitarism accounted for 24% (9/37), 12% (13/110), and 6% (2/31) of all deaths, respectively. Clearly, greater awareness of the risk of death from these complications on the part of patients and health care providers would benefit all patients with hypopituitarism, not just this population. 10 There is considerable interest in the long-term outcomes of pGH recipients because of transmission of CJD through pituitary preparations 11, 12 and the increasing use of GH as a result of the availability of virtually unlimited supplies of biosynthetic hormone. 13 The tragic occurrence of CJD is a major concern in the NHPP GH recipient population. Unfortunately, nothing currently can mitigate this risk. Four new CJD cases have died since 2000; however, we still do not know how many NHPP pGH recipients will eventually contract CJD. Approximately half of the potentially exposed patients have not yet attained the median incubation period of 21.5 years observed thus far in the study; for some cases, the incubation period can be 30 years after exposure to GH. 14 Over the time course of this study, however, CJD accounted for only 3% of the mortality in this population. In contrast, there has been a much greater mortality from preventable manifestations of hypopituitarism.
In summary, this study showed that pGH recipients are at greatly increased risk of dying, not only because of the tumors and other conditions that made them GH-deficient, but also because of sudden, unexpected deaths caused in large part by hypoglycemia and adrenal insufficiency. Our data show that physicians treating patients with adrenal insufficiency and the patients themselves must react quickly to even mild infections, particularly those associated with vomiting. Without adequate glucocorticoid replacement, delivered parenterally if necessary, such infections can be fatal. Similarly, hypoglycemia and panhypopituitarism in infants and young children must be managed aggressively. Skilled management of these two problems can substantially decrease death rates in patients with hypopituitarism. Although much recent attention has been given to the recognition and management of pain in children and infants, Dr Ellen MacKenzie proposed a method of alleviating the pain of injections in 1954! At the time, pediatricians often accepted theories that infants and toddlers are incapable of feeling pain. Dr MacKenzie recognized the pain that her pediatric patients experienced during injections and provided localized analgesia by freezing a 1:1000 solution of Zephiran in ice cubes. Zephiran, benzalkonium chloride, is a cationic detergent used primarily as a topical disinfectant and as a preservative. The frozen solution was then rubbed on the patients' skin before injections for localized analgesia. She acknowledged that this approach could only provide temporary pain relief.
Today pediatricians are faced with the same dilemma of providing medical care without inflicting pain. Topical anesthetics have been developed and are effective in reducing or eliminating pain associated with injections, such as a commonly used topical anesthetic eutectic mixture of local anesthetics (EMLA), consisting of lidocaine and prilocaine in a cream preparation. EMLA cream must be applied 1 hour before procedures and 2 hours before intramuscular injections to have an analgesic effect. Vapocoolant sprays, similar to the technique utilized by Dr MacKenzie, also are used effectively. Another current analgesic approach is lidocaine iontophoresis, which allows for the active transdermal delivery of lidocaine under the influence of a low-level electric current. Unfortunately, anxiety associated with injections continues to be a problem. Patient anxiety may be reduced with the use of topical anesthetics, whenever medically possible, with all injections.
Dr MacKenzie acknowledged that her technique had no effect on subsequent pain and stiffness or the pain of injection of large volumes of solutions. Even today, pediatricians do not have an analgesic that effectively eliminates pain associated with intramuscular injections, especially when large volumes of medications are delivered. Topical analgesics have made injections for pediatric patients less traumatic and decreased the overall anxiety associated with future injections. Dr MacKenzie was a pioneer in the recognition of pain management within her practice, during a time when little focus was placed on pediatric pain.
